Enhanced external counterpulsation (EECP) is a non-invasive assisted circulation technique and a rich pool of evidence has accumulated for its clinical application in the prevention and management of multiple comorbidities in the elderly population, including angina, heart failure, ischemic cerebrovascular diseases, neurodegenerative diseases, sleep disorder, diabetes and its complications, ischemic eye diseases, sudden hearing loss and erectile dysfunction, as well as various psychological and psychiatric conditions. When applying EECP to elderly patients, emphasis should be placed on issues such as safety assessment, risk management and protocol individualization, as well as the monitoring of efficacy during and after treatment.
subsequently applied in various conditions including heart failure, ischemic cerebrovascular diseases and so on, with documented evidence of benefits.
1-4 Improvements in diabetes, ischemic eye diseases, sudden hearing loss, male erectile dysfunction, sleep disorders, etc have also been reported. [5] [6] [7] [8] [9] [10] As 
| WORKING PRIN CIPLE S AND MECHANIS M OF B ENEFIT OF EECP

| Working principles of EECP
EECP and the intra-aortic balloon pump (IABP) are assisted circulation techniques. IABP as an invasive treatment is used for circulatory support in cardiogenic shock. As for the working principles, EECP and IABP are similar in that both achieve improvement in coronary circulation and myocardial contractility through electrocardiogram-gated, mechanical diastolic augmentation in the aorta, but EECP is different from IABP in that EECP, by squeezing blood from the lower extremities, increases venous return, which in turns increases cardiac output. EECP has been proven to effectively improve perfusion to vital organs such as heart, brain and kidneys. 11 During treatment, cuff inflation and deflation are precisely timed in accord with the opening and closing of the aortic valve through surface electrocardiogram. The proximal-to-distal manner of inflation/deflation cycle of calves, thighs and buttocks ensures that the proximal arteries are compressed later relative to the distal arteries, thus driving more arterial flow back to the aorta, enhancing diastolic augmentation. 12 Sequential inflation/deflation is also more effective than non-sequential protocol. The combination of lower extremities plus buttocks (termed EECP) is superior both in efficacy and comfort compared with the combination of lower extremities plus upper extremities.
| Mechanism of benefit of EECP
| Effects related to immediate hemodynamics
Early studies of EECP focused on its hemodynamic effects.
Arterial pressure: flow pulsatility is unique to EECP hemodynamics, in which diastolic aortic pressure is increased by 26%-157%. 13 Its effects on systolic aortic pressure vary in different studies, which report a lowering of systolic pressure by [9] [10] [11] [12] [13] [14] [15] [16] 23, 24 Despite the fact that most subjects in the above studies had revascularization procedures, and that about half had prior history of MI, and that a significant portion had cardiac dysfunction and/or diabetes, EECP was associated with clinical benefit among these patients.
| APPLI C ATI ON S OF EECP FOR C ARD I OVA SCUL AR D IS E A S E S IN THE ELDERLY
| Coronary artery disease
Recently, increasing attention has been paid to non-obstructive coronary artery diseases. EECP, with its positive effects on coronary perfusion and flow, as well as endothelial function, is believed to bring considerable benefits to these patients. Luo et al. 25 reported that EECP treatment improved diastolic peak flow velocity and coronary flow reserve, along with relief in angina symptoms, in patients with angiographically confirmed coronary slow flow. These changes were associated with changes in flow-mediated endothelial relaxation and levels of high-sensitivity C-reactive proteins. Tartaglia et al. 26 assessed the effect of EECP on coronary microcirculation and discovered that 92% of patients showed improvement in myocardial perfusion scanning and exercise tolerance. Masuda et al. 27 performed EECP treatment on aggravating angina patients and found that patients had better perfusion scanning on ischemic territories, better coronary flow reserve and better exercise tolerance.
| Heart failure
Ischemic heart disease is the primary etiology of heart failure in the elderly population. confirmed that EECP decreased left ventricular energy demand and myocardial oxygen demand as well as increased coronary perfusion and endocardial perfusion among patients with stable angina and heart failure.
In summary, the aforementioned MUST-EECP, RECC, PEECH and IEPR studies had enrolled subjects aged 30 to 81 years (average 62), which means these results are applicable to the elderly population. 1, [22] [23] [24] In the subgroup analysis of the PEECH trial, patients >65 years of age showed greater improvement in exercise tolerance. 1 In the IEPR-1 study, 8% of the subjects were >80 years old, who had similar benefits from EECP in terms of angina relief, increase in LVEF and so on. 23, 24 One study conducted in China included coronary artery disease patients who were aged 80 or over and found that EECP could be relatively safe and used effectively among this population. 28 
| CEREB ROVA SCUL AR D IS E A S E S OR OTHER NEUROLOG I C AL D IS E A S E S
| Ischemic cerebrovascular diseases
Ischemic cerebrovascular diseases are common among the elderly, with relatively high mortality and morbidity. As research has shown that EECP facilitated cerebral blood flow regulation, enhanced collateralization of ischemic zone in the brain, and modulated levels of various cytokines, EECP can be considered as a helpful supplement in the rehabilitation in the acute phase of ischemic stroke. 29 In a randomized cross-over controlled trial, Han et al. 4 reported that EECP can be administered early and in a safe manner to patients with acute ischemic stroke due to large vessel lesions. Lin et al. 30 found that for patients with ischemic stroke receiving EECP treatment, average arterial pressure and therefore blood flow velocity in the middle cerebral artery was significantly increased, compared with only slight changes in the average arterial pressure and no change in cerebral blood flow in healthy controls, and they speculated that it was associated with cerebral autoregulation in control subjects. Xiong et al. 31 studied the long-term effect of cerebral blood flow and average arterial pressure during EECP treatment for acute ischemic stroke patients, and found that EECP increased cerebral blood flow up to three weeks, which gradually returned to baseline after one month, suggesting that EECP ought to be indicated within three weeks of onset. In the meantime, they also found that counterpulsation pressure of 150 mm Hg (0.020 MPa) had maximal effect on cerebral blood flow enhancement, and that total treatment sessions >10 hours were associated with improved outcome. 32, 33 Therefore, currently, for patients with ischemic stroke, a total of >10 hours of EECP treatment with pressure at 150 mmHg is recommended. In addition, these authors found that EECP significantly reduces variability in blood pressure and heart rate, 34, 35 which indicated that EECP improved autonomic dysfunction in patients with ischemic stroke. There were few studies of EECP on the posterior circulation. Werner et al. 36 reported a 12% increase in blood flow to the vertebral artery during EECP treatment. Scholars in China also reported the beneficial effect of EECP on transient ischemic attack (TIA) patients due to vertebral-basilar artery lesions. 
| Neurodegenerative diseases
Incidence of neurodegenerative diseases is increasing. Presently in 
| Sleep disorder
Sleep disorder is common among the elderly, with incidence among the elderly aged 65 and over as high as 20%-50%, manifested as sleep onset insomnia, early morning awakening and sleep pattern changes.
Long-term sleep disorder affects daily activities for elderly patients and is associated with the development of various neurological and psychiatric diseases. EECP improves cerebral blood flow, cellular oxygen and nutrition, as well as modulating related neurotransmitters, all of which improves insomnia symptoms. Multiple studies suggest that EECP is beneficial for insomnia related to coronary artery disease, hypertension, ischemic stroke and neurosis. 40, 41 However, the dose-effect relationship of EECP and insomnia improvement remains to be elucidated.
Recommendations for the application of EECP for neurological diseases in the elderly are as follows: (1) EECP can be considered in elderly patients with sleep disorders.
| OTHER D IS E A S E S IN THE ELDERLY
| Type 2 diabetes with or without complications
A randomized controlled trial enrolling type 2 diabetes patients
showed that a reduction in fasting glucose level, two-hour postprandial glucose level and glycosylated hemoglobin level compared with baseline from EECP treatment at 48 hours and two weeks, and the effect on glycosylated hemoglobin reduction persisted to at least three months. 5 These authors further investigated the glucose-lowering effect of EECP and found that 48 hours after EECP treatment, insulin resistance, insulin sensitivity index, late glycosylated terminal products and receptors, oxidative stress and inflammation were all improved, the effects of which were present as long as six months. 5, 6 In another study for patients with impaired glucose tolerance, EECP treatment resulted in decreased levels of tumor necrosis factor-alpha and C-reactive protein, and improvement in glucose intolerance, which was associated with improvement in alleviation of inflammation. 42 Enhanced external counterpulsation has been shown not only to have glucose-lowering effect, but also seemed to be beneficial for diabetic retinopathy, diabetic nephropathy and other chronic complications of diabetes. Compared with traditional therapy or laser photocoagulation, EECP treatment improved ophthalmic artery hemodynamics, fundal lesions and vision compared with traditional therapy. 43 Scholars in China conducted many randomized controlled trials to investigate the effect of EECP on diabetic nephropathy with promising results.
Compared with pharmacotherapy alone, EECP on top of pharmacotherapy reduces 24-hour urine albumin, microalbumin, and urine and blood levels of beta-microglobulin, which corresponded to a certain level of renal function preservation. 44, 45 In addition, EECP has also been reported to yield favorable effects on diabetic foot, peripheral neuropathy and peripheral vascular diseases. Randomized controlled trials with a larger sample are warranted to further verify these benefits.
| Ischemic eye diseases
Ischemic eye diseases in the elderly include central retinal artery embolism, ischemic optic neuropathy, ischemic optic atrophy, etc.
Studies in China revealed that EECP can be beneficial in these conditions. A retrospective analysis of patients with ischemic eye diseases and carotid artery stenosis showed that patients had significant recovery of vision, sight and optic dynamics when managed with pharmacotherapy combined with EECP and that the earlier the treatment was administered, the better. 46 Another study enrolling patients with non-arteritic anterior ischemic optic neuropathy revealed that EECP increased average flow velocity, peak systolic and end-diastolic flow of both ophthalmic arteries and central retinal artery, accompanied by improvement in vision and hemodynamic parameters, in which the former was positively correlated with the latter, with greater improvement in the affected side compared with the intact side. 
| Sudden hearing loss
Enhanced external counterpulsation has been shown to be beneficial for sudden hearing loss. In a study done by Offergeld et al., 8 for patients with acute persistent hearing loss and/or tinnitus, EECP treatment resulted in a 19% increase in carotid flow and an 11% increase in vertebral flow, and 47% of patients reported an improvement in tinnitus symptoms, 28% an improvement in hearing, which was maintained at one year of audiometric follow-up after EECP treatment.
| Erectile dysfunction
Not only does erectile dysfunction share common risk factors with cardiovascular diseases, but both conditions can influence each other in many ways. Studies found that EECP treatment improves erectile dysfunction with or without refractory angina. 9 Froschermaier et al. 47 reported a significant increase in peak systolic flow of corpus cavernosum artery and a subsequent improvement in erectile function in these patients, which was sustained at 6.70 ± 4.37 months. Lawson et al. 48 pointed out that EECP was beneficial for erectile dysfunction in patients with refractory angina in erectile function per se as well as sexual satisfaction, but not in orgasm and libido. Currently, erectile dysfunction is primarily managed with phosphodiesterase type 5 (PDE-5) inhibitor. However, PDE-5 inhibitors are often contraindicated in many coronary artery disease patients because of concomitant use of nitrates. EECP with its benefits both in cardiac and erectile function can be an immensely useful alternative for these patients.
| Psychological and psychiatric diseases
Evidence from clinical trials indicates that EECP improves psychological and psychiatric symptoms, along with social function and work capacity. MUST-EECP showed that EECP improves daily activity, work, body pain, confidence, stamina, social activities, anxiety and depression among patients with angina. 22 Fricchione et al. 49 reported a significant improvement in subjective perception, quality of life, and general well-being among patients with refractory angina who received EECP, even though myocardial perfusion was not improved. They also discovered that EECP improved depression, anxiety and somatic symptoms, but not anger and hostility, and that these improvements were more prominent among patients with objective evidence of improvements in myocardial ischemia. 10 Recommendations of the application of EECP for other diseases in the elderly are as follows: (1) • Other diseases in the elderly: (1) ischemic diseases with type 2 diabetes; (2) type 2 diabetes with suboptimal glucose control after lifestyle modification and pharmacotherapy; (3) diabetic retinopathy and nephropathy; (4) central retinal artery embolism, ischemic optic neuropathy and ischemic optic atrophy; (5) sudden hearing loss; (6) coronary artery disease with erectile dysfunction; (7) erectile dysfunction refractory to traditional treatments; (8) ischemic diseases with anxiety or depression. 
| Contraindications
| SAFE T Y A SS E SS MENT, RIS K MANAG EMENT, AND OPER ATIONAL ISSUE S
| Safety assessment
Although EECP is a relatively safe and well-developed treatment, a safety assessment to rule out contraindications and lower treatment-related risks is necessary for high-risk and elderly patients before administration.
| Basic assessment
Basic assessment includes an assessment of the general condition of the patient, the presence or absence of comorbidities and complications, complete blood count, coagulation panel, lipid profile, glucose panel, liver and kidney function tests, routine ECG, echocardiography, lower extremities ultrasound and so on.
| Targeted assessment
For some severe cases, targeted assessment is recommended, which may include Holter ECG, ambulatory blood pressure monitoring, non-invasive hemodynamic examinations, and so on.
| Risk management
• Patients with hypertension should have their blood pressure controlled at <150/90 mm Hg; patients with acute ischemic stroke can safely receive EECP when their blood pressure is <180/100 mm Hg.
• Patients with tachycardia should have their heart rate controlled at <100 bpm.
• Atrial fibrillation may result in irregular inflation/deflation cycle due to irregular heart rate, reducing comfortability level during treatment. A ventricular rate of 50-90 bpm is recommended for these patients. EECP should not be administered to atrial fibrillation patients with atrial thrombus.
• Patients with heart failure should be monitored for their heart rate, oxygen saturation, the presence of rales and respiratory rate, and occasionally non-invasive hemodynamic monitoring. Acute decompensated heart failure patients with volume overload should have their conditions stabilized before receiving EECP.
• Ventricular aneurysm is not an absolute contraindication for EECP, but caution should be used with patients with ventricular aneurysm that is large, thin walled, with left ventricular dysfunction, or ventricular thrombus.
• Obstructive atherosclerotic diseases in the lower extremities, including severe stenosis or occlusion of the arteries, may benefit from EECP, 50 but treatment should start with low counterpulsation pressure and short time span, and gradually increase in response to patient tolerance. Close monitoring is mandated, and treatment should be immediately discontinued in the presence of severe adverse reaction. Pneumatic cuffs should not be placed around arterial segments that have been treated with stent implantation.
• Consultation with orthopedic surgeons and rehabilitation physicians for patients with severe osteoporosis, a history of hip replacement or femoral surgeries before EECP treatment; due to passive movements of body during treatment, EECP should be cautiously administered to patients with lumbar herniated disk.
• Elderly patients on warfarin should have their PT-INR controlled at <2.5 before receiving EECP.
• • Elderly patients with diabetes may be prone to skin damage during EECP treatment, which can be prevented by elasticated stockings.
• EECP may result in an increase in urinary frequency and urgency, which may be more prominent among the elderly. Asking patients to empty their bladders before treatment is advisable. When the patient expresses a need to go to bathroom, promptly stop treatment to avoid a rise in heart rate and blood pressure, which negatively affects treatment effect and compliance. A diaper is occasionally needed for some patients.
| Operational issues
• Positioning of ECG electrodes: ECG electrodes should be placed in the precordium for maximal R wave amplitude. Interference can be avoided by cleaning and drying the skin (e.g. with an alcohol swab) before placing electrodes to ensure close attachment.
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• The pneumatic cuffs should be wrapped tightly, especially for the proximal side, and checked regularly during treatment to see whether they have become loosened over time.
• Inflation pressure: choose minimal pressure with optimal counterpulsation wave according to the condition, body weight and tolerance of the patient.
• Inflation/deflation time: normally, begin inflation at T wave and deflation at the beginning of P wave. Inflation/deflation time can be adjusted to ensure maximal counterpulsation wave amplitude, D/S ratio and DP/SP ratio.
• For coronary artery disease patients, optimal hemodynamic effect is achieved at D/S > 1.2 and DP/SP 1.5-2.0. Try to use appropriately sized cuffs, ensure adequate wrapping, and adjust inflation pressure and inflation/deflation time to achieve optimal ratios.
• Monitor oxygen saturation during treatment, and promptly stop when oxygen saturation gradually decreases to <90%. Look for underlying causes and treat accordingly.
• Inner trigger mode should not be used.
| TRE ATMENT PROTO COL , MONITORING OF EFFI C AC Y DURING AND AF TER TRE ATMENT
| Treatment protocol
Optimal treatment efficacy relies on an individualized treatment protocol tailored to different conditions and clinical scenarios. 
| Treatment parameters
| Treatment sessions
Standard protocol of EECP for ischemic cardio-cerebrovascular diseases is: one hour per day, given in one or two sessions. Treatment time can be shortened for less tolerant patients. The two-hour-perday measure is also proposed but its effect remains to be investigated.
A total of 36 hours over six weeks (six days per week) or a total of 35 hours over seven weeks (five days per week) are standard protocol.
A short version of 10-to 12-hour sessions has been shown to be beneficial for angina relief. Total hours of treatment session can be adjusted according to patients' condition and response. An extended session for another 10 to 12 hours is recommended for severe coronary artery disease patients. The mid-to long-term effect of EECP is closely related to total hours of treatment. Two standard protocols of EECP per year on a regular basis are recommended for most ischemic cardio-cerebrovascular disease patients. An additional one or two standard protocols are advisable for triple-vessel disease and chronic heart failure patients. Upon completion of the standard protocol, two to three hours per week of maintenance treatment is a favorable option also.
| Monitoring of efficacy during treatment
It is crucial to monitor treatment efficacy during EECP sessions.
Parameters are adjusted accordingly to ensure optimal benefit. Different conditions require different data points to be monitored.
Indices for immediate hemodynamic effects are inflation/deflation time, inflation pressure, ECG, blood pressure, D/S ratio and DP/SP ratio, and in some cases, stroke volume, cardiac output, myocardial contractility, cardiac preload, peripheral vascular resistance. Data should be stored and retrievable at a later time. For patients with heart failure, non-invasive hemodynamic monitoring is recommended.
| Monitoring of efficacy after treatment
Hemodynamic indices can be used to evaluate EECP treatment efficacy in terms of its immediate hemodynamic effects, but they are not the primary efficacy parameters. Symptomatic improvement, as well as mid-to long-term effect should be priorities.
Vascular function testing such as atherosclerotic burden, vascular stiffness, endothelial function, along with echocardiography, non-invasive cardiac function, treadmill test, six-minute walk test, cardiopulmonary assessment, neurological evaluation, quality of life assessment, general geriatric assessment and so on are important measures to evaluate the mid-to long-term effects of EECP treatment.
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